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Asymmetric localization of planar cell polarity (PCP) proteins is essential for tissue integrity, but how
asymmetric localization is regulated during cell division is not known. In this issue of Developmental Cell,
Shrestha et al. (2015) show that mitotic Polo-like kinase 1 (Plk1) links internalization of PCP proteins to
cell-cycle progression.Planar cell polarity (PCP) defines an
axis of cell polarization orthogonal to
apicobasal polarity in epithelial cells
(Figure 1A, red). PCP is a ubiquitous
feature of animal tissues and is essential
for normal development and homeosta-
sis. To take just a single example, planar
polarization is essential for collective cell
movements that shape the brain and
spinal cord in early embryos and also for
the directed cilia beating that moves
cerebrospinal fluid within these organs.
In most tissues, planar polarity is gov-
erned by a set of evolutionarily conserved
PCP proteins that localize in asymmetric
patterns at the cell cortex, thereby distin-
guishing one side of the cell from the
other. The essentiality of both planar
polarization and the PCP proteins is
highlighted by the fact that mutations in
PCP genes are associated with diverse
human birth defects, including neural
tube and limb defects (Wallingford, 2012).
The requirement for cortical, asym-
metric localization of PCP proteins poses
an interesting conundrum for dividing
cells. How can two complementary
domains of planar polarized proteins be
partitioned faithfully into two daughter
cells, especially in cases where the divi-
sion plane separates one domain from
the other? In the highly proliferative cells
of the mammalian skin, a partial answer
is that PCP proteins are rapidly internal-
ized at the onset of mitosis, distributed
evenly between the daughters, and then
re-deployed to the cortex of each cell
as it returns to interphase (Figure 1B)
(Devenport et al., 2011). However, the
mechanisms that activate endocytosis
at M phase (and suppress it during inter-
phase) are not understood.
Shrestha et al. (2015) now uncover a
key link between themolecular machinery494 Developmental Cell 33, June 8, 2015 ª20of cell-cycle progression and the mitotic
internalization of Celsr1, a core PCP pro-
tein. Using a clever proteomic approach,
the authors identified mitosis-specific
post-translational modifications and in-
teracting partners for Celsr1. Among
these, they found Plk1, a serine/threonine
kinase and key cell-cycle regulator,
essential for mitotic entry and progression
(Zitouni et al., 2014).
In light of the interaction between
Plk1 and Celsr1, the authors combined
immunostaining and time-lapse micro-
scopy of tagged proteins to show that
Plk1 localizes with Celsr1 in endocytic
vesicles, specifically from prophase until
early cytokinesis, when Plk1 is displaced
from the Celsr1 endosomes. This stage-
specific colocalization suggested that
Plk1 may regulate the onset of Celsr1
internalization.
Interestingly, the sequence of the
Celsr1 cytoplasmic domain contains a
PBD binding motif, a known target of
phosphorylation by Plk1, and deletion of
this motif blocked Celsr1 internalization.
The authors therefore tested whether the
two proteins interact directly. Indeed,
while the wild-type Celsr1 cytoplasmic
tail, containing the PBD motif, effectively
co-precipitates Plk1, the PDB mutant
showed reduced efficiency. Finally, using
in vitro kinase assays, the authors show
that Plk1 displays specific kinase activity
toward the cytoplasmic tail of Celsr1.
These observations suggest that inter-
nalization of Celsr1 into endosomes
is triggered by cell-cycle-dependent
Plk1 binding via the PDB motif and phos-
phorylation of Celsr1.
This is an especially attractive hypo-
thesis because the PBD lies nearby to
the dileucine motifs, which this group
previously showed to mediate AP215 Elsevier Inc.and clathrin-based endocytic targeting
of Celsr1 for endocytosis (Devenport
et al., 2011). In support of this idea, the
authors found that pharmacological inhi-
bition of Plk1 led to prometaphase arrest
and defects in Celsr1 internalization.
Importantly, failure of Celsr1 internaliza-
tion was not a general consequence
of mitotic arrest, as inhibition of other
cell-cycle regulators such as Aurora A
arrested mitosis but did not impair Celsr1
endocytosis. Perhaps most interestingly,
the authors were able to uncouple
Celsr1 internalization from mitosis. They
show that phosphomimetic mutations
surrounding the dileucine motif of Celsr1,
in the presence of the Plk1 inhibitor, allow
Celsr1 internalization during interphase.
Finally, the authors investigated the
effects of mitotic cell rounding on the
maintenance of anteroposterior asymme-
try of Celsr1. They found that, in contrast
to interphase cells, mitotically arrested
cells with a rounded geometry display
random distribution of Celsr1, which
suggests that Celsr1 orientation might
be shape dependent. Because the actin
cortex drives cell shape changes, it
would be interesting to determine the
extent to which dynamic cortical tension
influences PCP protein localization and
even mitotic internalization.
Collectively, these results suggest that
a key function of Plk1 is cell-cycle-depen-
dent phosphorylation of the Celsr1 dileu-
cine motif to activate endocytic sorting
of Celsr1 and ensure precise coordination
between PCP internalization and mitotic
entry. Together with their initial demon-
stration of mitotic internalization of PCP
proteins (Devenport et al., 2011), the
new work represents a major step toward
understanding the mechanisms of PCP
maintenance in proliferative tissues and
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Figure 1. Plk1 Coordinates Mitotic Inheritance of Celsr1
(A) Schematic representation of the anteroposterior polarized localization of Celsr1. (B) During mitosis,
Plk1 spatiotemporally interacts with the core PCP component, Celsr1, initiating the recruitment of Celsr1
into endosomes and allowing equal segregation of Celsr1 into daughter cells at cytokinesis.
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studies will no doubt provide deeper
insights.
However, like any insightful study, this
work also raises some important ques-
tions. For example, to what extent is this
mechanism employed in other prolifera-
tive tissues? This question is important
because among the directional behaviors
guided by PCP proteins is the orientation
of cell division itself (Wallingford, 2012).
In fact, cortical PCP proteins can orient
cell division by acting directly upon the
position of the mitotic spindle, a scenario
that would seem to require PCP proteins
to be both cortically localized and asym-
metric at least until metaphase, when
spindle rotations orient the division plane
(Bellaı¨che et al., 2001; Se´galen et al.,2010). Thus, it will be interesting to
explore the mechanisms preserving po-
larity during mitosis in cells undergoing
PCP-dependent asymmetric cell divi-
sions. This issue may be particularly
acute in proliferative tissues such as
the mammalian brain that consistently
engage in PCP-dependent oriented cell
divisions (Lake and Sokol, 2009).
A second open question relates to the
integration of the PCP machinery with
the apicobasal polarity machinery. Such
integration remains poorly defined even
during the relative simplicity of interphase.
Nonetheless, the link between Plk1 and
the PCP machinery is strikingly parallel
to that between another mitotic kinase
and the apicobasal polarity apparatus.
Two recent papers have shown thatDevelopmental CeAurora A phosphorylates the apical deter-
minant Lgl, thereby driving its removal
from the cell cortex to the cytoplasm spe-
cifically during mitosis (Bell et al., 2015;
Carvalho et al., 2015). It seems, then,
that the PCP and apicobasal polarity sys-
tems have evolved remarkably similar
mechanisms to cope with the challenge
of maintaining polarity as cells divide.
As Shrestha et al. so rightly point out in
their paper, mitosis is a dangerous time
for polarized epithelial cells. Together
with other recent studies of apicobasal
polarity (Bell et al., 2015; Besson et al.,
2015; Carvalho et al., 2015), the new
work on planar polarity gives us a front-
row seat from which to view the action.REFERENCES
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